INTRODUCTION
============

Since December 2019, the world has been facing a new challenge with a novel pandemic virus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), known as coronavirus 2019 (COVID-19). The global healthcare system has been severely impacted due to the rapidly increasing number of patients. The kidneys are not typically the main target of SARS-CoV-2, but surprisingly, acute kidney injury (AKI) occurs in 4--23% of cases \[[@sfaa102-B1]\]. However, dialysis management of AKI from COVID-19 has not gained much attention.

The key question is whether peritoneal dialysis (PD) can be used in COVID-19 AKI, as it often severely affects the respiratory system. Around 5% of the cases are critically ill patients who develop pneumonia, eventually leading to acute respiratory distress syndrome (ARDS) \[[@sfaa102-B6]\]. A few cases require renal replacement therapy (RRT), mainly from acute tubular necrosis due to multiorgan failure. Extracorporeal dialysis, either continuous renal replacement therapy (CRRT) or hemodialysis (HD)/hemodiafiltration (HDF), has been the main AKI treatment modality. The severe hypoxic COVID-19 patients usually need extracorporeal membrane oxygenation (ECMO) therapy \[[@sfaa102-B6], [@sfaa102-B7]\], which may aggravate AKI, thereby associating CRRT to the main ECMO circuit. As there is an availability constraint and a capacity limit of CRRT, HD and HDF equipment, supplies and replacement solutions worldwide, PD, which has been used in clinical practice for both AKI as well as end-stage renal disease (ESRD) for \>70 years \[[@sfaa102-B8]\], becomes an option. The experience and knowledge acquired and reported in the application of PD in the AKI setting from the 1950s through the early 1980s gradually vanished during the late 1980s to the early 2000s, leaving a considerable gap of knowledge and experience for several generations of nephrologists. The turning point for going back to the future in PD utilization for AKI was a 2007 publications by a group of nephrologists from Botucatu, a university city in Brazil, interested and experienced in PD \[[@sfaa102-B9]\]. Their series of publications provide solid evidence that PD can be considered as an alternative form of RRT in AKI, and more new evidence is being gathered worldwide in recent years \[[@sfaa102-B9]\]. Current published studies do not support significant differences in outcomes between PD and the other dialysis alternatives (CRRT and intermittent HD) \[[@sfaa102-B10], [@sfaa102-B14]\].

CONSIDERATION OF OFFERING PD IN COVID-19
========================================

PD is a home therapy option for ESRD patients. Home therapies are considered ideal when pandemics occur, keeping patients away from hospitals. PD patients usually attend the clinic once a month, whereas HD patients must go to the HD clinic usually three times a week. However, precautionary measures such as education, clinical management and specific arrangements in case the home PD patient needs hospitalization during an outbreak must still be taken. Yank and Dong \[[@sfaa102-B18]\] describe thoroughly their positive experience by applying these operational measures for PD patients and healthcare staff during the height of the COVID-19 pandemic.

Alfano and Mussini \[[@sfaa102-B19]\] present a different PD perspective during the COVID-19 pandemic, endorsing PD as the preferred RRT modality for ESRD patients. Among the advantages, they mention the minimized risk of viral transmission through interpersonal contacts, as well as the use of telemedicine to deliver renal care without exposure of the patient to the risks of contacts.

If the pathogenesis and natural history of AKI from COVID-19 patients are similar to those of sepsis resulting from other infectious causes, then the indication of PD using high-volume PD (HVPD) may well be one rational therapy option. Sepsis-associated AKI mortality rates have not changed throughout the years, and PD is comparable to that of extracorporeal dialysis in AKI \[[@sfaa102-B10]\]. Nonetheless, there are specific issues of concern regarding dialysis modalities for COVID-19-related AKI treatment.

First, as pneumonia often develops in COVID-19 infection, which, in some critical cases, turns into ARDS (partial pressure of oxygen/fraction of inspired oxygen \<200), PD can be used early before patients develop ARDS. When ARDS occurs, PD should not be used as the first dialysis choice, but certainly as the last resort, if any technical or clinical scenario presents impeding the execution of CRRT, HD or HDF. It should also be used with caution, especially in acute lung injury. When a patient needs prone ventilation to help improve oxygenation, PD with a lower infusion volume (20--25 ml/kg) can be used without mechanical problem or hemodynamic disturbance, according to a case report \[[@sfaa102-B20]\]. A Brazilian study found that ventilated AKI patients with a 2-L PD dwell exchange presented a slightly increased intra-abdominal pressure on the first dwell. However, this did not interfere with the patients' ventilation and oxygenation. Moreover, after the first three HVPD sessions, the entire lung mechanic parameters improved as a result of the removal of excess fluid accumulated in the body \[[@sfaa102-B21]\].

Second, SARS-CoV-2 is a highly contagious airborne disease. Ideally the patients should be kept in an isolation room, should not be transported and should be minimally exposed to healthcare providers \[[@sfaa102-B22]\]. When applying this concept to dialysis for COVID-19 patients, automated PD (APD) works well because APD can be moved and installed anywhere, does not require a large space and is easy to set up. Moreover, the PD fluid exchanges occur automatically and the used PD bags need to be changed once daily; typically only the nurse needs to enter the room to connect and disconnect the patient from the PD cycler. Such minimum contact with the patient reduces not only the risk of contagion, but also the need for personal protective equipment (PPE) use, especially in times when resources are very limited. Moreover, in extreme situations where nephrology nurses are not available, intensive care unit (ICU) nursing staff can easily learn how to manage a cycler \[HVPD or tidal PD (TPD)\] or manual exchanges \[continuous ambulatory peritoneal dialysis (CAPD)\] and any troubleshooting can be managed by phone or virtual communication. It is much easier to learn how to manage PD, whether it\'s HVPD, TPD or CAPD, than to learn how to handle CCRT or HD equipment and techniques. Confirming our personal experience with PD in different settings, El Shamy *et al*. \[[@sfaa102-B23]\] reported that a major advantage of PD during this crisis has been the ability to train non-nursing staff in the PD procedure, which is not technically challenging.

As SARS-CoV-2 is mainly detected in respiratory tract secretiond, and some in feces and blood \[[@sfaa102-B24]\], there is so far no evidence of the virus spreading from PD effluent. The data from the previous SARS outbreak in 2013 show that SARS-CoV was not detected in PD effluent of infected cases \[[@sfaa102-B25], [@sfaa102-B26]\].

Lastly, resource allocation in healthcare, including dialysis, is an option that should be taken into consideration in scarce resource settings (clinics/hospitals) during the pandemic. PD is simple and efficient, there is no need for heparin, it provides continuous steady fluid removal, it requires less equipment and infrastructure when compared with extracorporeal dialysis and it offers lower work intensity, with a nurse being able to manage at least four PD cyclers simultaneously. PD catheter insertion can be made bedside by a nephrologist or other physician with local anesthesia. PD is also an easy method for nurses to learn, as it only involves connection of the flexible catheter and its transfer set to the disposable sets and PD fluid bags in the PD cycler, which performs the exchanges (or cycles) automatically. Such an efficient resource management method helps address the shortage of medical equipment and reduce exposure of the healthcare staff, which are critical issues amidst the pandemic.

Because of the above-mentioned benefits, PD should be considered as one of the options to treat COVID-19-related AKI, and APD is the preferred form to minimize the risk of exposure. Wherever APD is not available, CAPD could be used. Initially, using several (10--12) exchanges per day, and depending on the clinical evolution, it could be decreased after 3--4 days to four to five exchanges per day.

Another important option is the use of icodextrin, even though not much experience has been published on its use in AKI. However, it is important to understand that the use of icodextrin for a long dwell in AKI may be a good option, especially using a mix of icodextrin and glucose-based PD fluids for the long dwell (15 h), as reported early for seven anuric APD patients \[[@sfaa102-B27]\]. A solution containing both crystalloid (glucose 2.61%) and colloid (icodextrin 6.8%) osmotic agents enhanced fluid removal by 2-fold and sodium removal by 3-fold when compared with 7.5% icodextrin solution during a dwell of 15 h, indicating that such a combination solution could represent a new treatment option for anuric PD patients. The preparation and composition of the combined PD fluid as well as some of the results are described in the [Supplementary data](#sup1){ref-type="supplementary-material"}. Since much of the daily need for fluid and sodium removal can be achieved during a long dwell with combination fluid, this strategy also provides the advantage of reducing exposure of the peritoneal membrane to high-tonicity glucose-based dialysate during the remainder of a 24-h CAPD/APD treatment cycle.

To effectively and efficiently fight against COVID-19, as many methods of dialysis as possible should be considered. PD should be regarded as one of the options, where neither diffusive (HD) nor convective (HDF or HF) therapies are technically, logistically or realistically possible. In order to substantiate the possible indication of PD, it is important to look back to the 1960s when Scribner made an observation that patients maintained on intermittent PD did remarkably well clinically, even though PD was much less efficient than HD at removing the commonly considered uremic toxins of small molecular weight, such as urea \[[@sfaa102-B26]\]. The longer treatment time (24 h or longer) presumably permitted the slowly diffusing middle molecular weight solutes to be adequately removed. This 'speculation' gave birth to the idea by Henderson and Bluemle that convection would provide a superb tool to test the importance of the 'middle molecule' hypothesis and possibly might offer a new treatment modality for uremia. It is interesting to note that these observations from PD patients would be the basis for the development of the convection concept in dialysis. The identification of convective solute transport in conjunction with water removal was achieved in an experiment with PD patients using the peritoneal membrane by Henderson in 1966 \[[@sfaa102-B27]\]. In the first phase of the experiment, the amount of urea removed by a 1.5% dextrose exchange was measured in the effluent dialysate of PD patients treated with conventional solutions and techniques, then it was compared in the same patients when using 7.0% dextrose exchange. The measured urea clearance showed that 7% dextrose exchanges removed 38% more than 1.5% dextrose exchanges. The second and crucial phase of the experiment involved using the same patients, but placing urea in the hypertonic dialysate at values equal to or slightly higher than its concentration in the patient's plasma just prior to the exchange. The urea present in the drained dialysate was measured as before and its clearance was calculated. Examination of the urea content of the diffusion-blocked hypertonic dialysate showed a significant net transport of urea into the dialysate from the blood, in spite of the lack of a driving gradient for diffusion. The 38% enhanced clearance noted with hypertonic dialysate in the first phase of the experiment was amply explained by the amount of urea retrieved from the diffusion-blocked second phase of the experiment. This nondiffusional transport was ascribed to 'solvent drag' or the frictional forces exerted on the urea molecule by the stream of water moving through the porous peritoneal membrane from blood to dialysate. Solvent drag as the relevant force for this nondiffusional transport had already been identified by physiologists \[[@sfaa102-B28]\]. Henderson's experiment was, however, the first experiment of maintenance dialysis to identify this force, in operation, as an integral part of blood cleansing by dialysis \[[@sfaa102-B26], [@sfaa102-B29]\].

PRACTICAL ASPECTS OF PRESCRIBING, DELIVERING AND MONITORING PD IN COVID-19
==========================================================================

Please see the [Supplementary data](#sup1){ref-type="supplementary-material"}. We have prepared a flowchart of the practical aspects of prescribing, delivering and monitoring PD in AKI patients ([Figure 1](#sfaa102-F1){ref-type="fig"}).

![Flowchart of the practical aspects of prescribing, delivering and monitoring PD in AKI patients.](sfaa102f1){#sfaa102-F1}

PD IN THE TREATMENT OF COVID-19-RELATED AKI: RECENT EXPERIENCES TREATING COVID-19-RELATED AKI WITH PD
=====================================================================================================

The first experiences were preliminarily communicated to the nephrology community on 23 April 2020 during an International Society for Peritoneal Dialysis (ISPD)/International Society of Nephrology (ISN) webminar 'Use of PD for COVID-19-associated AKI: clinical experience and updated 2020 ISPD guidelines' \[[@sfaa102-B30]\]. Hugh Cairns and Senior Nurse Elaine Bowes presented their clinical experience in the ICUs at Kings College Hospital, London, UK. The background to this experience is based on the high rate of AKI requiring dialysis associated with a potential shortage of continuous veno-venous haemofiltration (CVVHDF) machines. As a renal unit, they have a history of PD catheter insertion and PD use. PD catheter insertion at the ICU was done either by a senior nurse or by the consultant nephrologist; 27 of 32 attempts were successful. The reported patient outcomes were as follows: 7 recovered renal function, 3 held PD as they are passing urine, 3 died of COVID, 14 remained on PD and 5 failures (not successful catheter insertion), and those patients are still on HDF or intermittent HD. There were no complications (leaks, exit-site infections, peritonitis, catheter migration), relatively few PD cycler alarms and no patients required proning. All patients were treated with APD. Their main conclusions were that PD works and is safe, there were no leaks/wound breakdowns/peritonitis, it reduced the use of CVVHDF and, last but not the least, it reduced the workload for the whole PD team.

The second experience in the same webminar \[[@sfaa102-B30]\] was preliminarily presented by Dr Mihran Naljayan from the Louisiana State University School of Medicine (New Orleans, LA, USA). Staffing and PPE shortages were reasons for considering PD in their department. Peritoneal catheters were inserted by a surgeon or an interventional radiologist/nephrologist. They used APD, low dwell volumes and rapid exchanges for 24 h (ICU) or 12 h (ward). They have so far treated 18 patients with the following outcomes: 12 on AKI-PD, 2 discharged to an outpatient PD unit, 1 recovered renal function and 3 died (nondialysis related).

The third experience was preliminarily communicated to the Latin America nephrology community on 23 April 2020 during the web meeting 'COVID 19-associated AKI protocol and Latin America experiences' \[[@sfaa102-B31]\], by Dr Bazarra Durand from Clínica Ricardo Palma, Lima, Peru. So far three patients admitted to the ICU have been treated using HVPD (lower infusion volumes: 20 mL/kg; rapid exchanges: dwell time from 35 to 60 min, lasting 24 h), with the following outcomes: two are on AKI-PD and one died (nondialysis related). There were no mechanical or infectious complications related to PD.

Clinical experiences and studies leveraged on worldwide nephrology practice, especially in developing countries, support the use of PD in AKI situations; the outcomes are not different from the ones reported with other dialytic techniques such as CRRT, sustained low-efficiency dialysis and intermittent hemodialysis. A shortage of CRRT and HD machines and supplies, as well as of staff and PPEs, has brought PD to the forefront. Preliminary experience reported here provides evidence that PD can contribute to confront the kidney impact of this pandemic. The time has come for PD to be included as an option in the critical care of COVID-19 patients.
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